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Today the prime importance of hypertension as a cause of
morbidity and mortality in developed countries cannot be exag-
gerated, especially as this burden can be relieved to a considerable
extent by treatment designed to reduce the blood pressure. In the
description of hypertension and its complications, first as a
consequence of renal disease and then as an apparently primary
event, physicians from Guy's Hospital in London played a remark-
able and central role, Bright, Wilks, Gull and Sutton have places
in all medical histories, but the fifth and one of the most
innovative, Frederick Akbar Mahomed, remains the least known
today, but played a crucial role in the description of essential
hypertension.
Left ventricular hypertrophy, the hard pulse and arterial disease
To understand Mahomed's contribution, knowledge of kidney
disease in relation to the heart and blood pressure must first be
reviewed, especially as it evolved at Guy's. The art of feeling the
pulse had, of course, been an integral part of physical examination
both in Hippocratic and Chinese medicine, but the idea that this
represented a pressure wave originating with the heart only
became explicit when William Harvey proposed the theory of the
circ\ilation of the blood in 1628 [1]. The Reverend Stephen Hales
(1677—1761), in his famous experiments, measured this pressure
directly in the carotid artery of dogs in 1708, and then in two
horses six years later [2, 3], finding a pressure in 8 feet 3 inches of
water (174 mm Hg); he first coined the term blood pressure.
Hardness of the pulse from increased tension within the artery
was a familiar and difficult but clinical sign in the eighteenth
century, one of more than twenty different forms of pulse then
recognized: the pulsus magnus durus et tardus. John Blackall of
Exeter (1771—1860), a pioneer of nephrology, observed it in some
of his albuminuric patients, noting also that this hardness could be
relieved by venesection [4]. In 1828, Jean Leonard Marie Poi-
seuille (1799—1869) used a mercury manometer to measure blood
pressure directly in animals as Hales had done using water [5].
It is well-known that Richard Bright (1789—1858), the first of
the Guy's physicians to study the subject, realized the importance
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in pathophysiological terms of possible deviations in blood pres-
sure. In his Reports of Medical Cases published in 1827 [6], left
ventricular hypertrophy is not mentioned in any detail, although
well before this time it was known that left ventricular hypertro-
phy and dilation could accompany or follow valvular disease of the
heart. At that time the principal link with the kidneys was thought
to be that with skin, as two complimentary secretory organs.
However, in his second Goulstonian lecture of 1833 [7] Bright
wrote:
"With regard to the affections of the heart... I have occasionally
been able to trace the gradual approach and increase of the
hypertrophy coming on many months after the albuminous condition
of the urine has been established; and it is not improbable that the
various evidences of cerebral disturbance which follow in the train of
chronic derangement of the kidney... may in some cases be owing
to the derangement induced on the central organ of the circulation."
Even better known are Bright's presentations in his hospital's
Reports [8], which he was instrumental in founding. He described
a number of cases of the condition quite well, several of whom
suffered cerebrovascular accidents after a chronic course. Bright
was still "keeping up the action of the skin" in his treatment
regimen, but in the "Tabular view of the morbid appearances in 100
cases connected with albuminous urine, with observations" of the
same year [9], he notes that of 52 cases with hypertrophy of the
left ventricle, no valvular disease whatsoever was present in 34,
which led to his great leap of speculation:
"This naturally leads us to look for some other cause, for the
unusual efforts to which the heart has been impelled; and the two
most ready solutions appear to be, either that the blood affords
irregular and unwonted stimulus to the organ immediately; or, that it
so affects the minute and capillary circulation as to render greater
action necessary to force the blood through the distant subdivisions of
the vascular system... the hardness and contraction of the kidneys
bespoke the probability of the long continuance of the disease."
It is tantalizing that Bright does not give us a clue as to which
of the proposed explanations he preferred. Bright was a great
observer ("I am very fond of seeing") but in his writings specula-
tion is rare. However, only a short while afterwards in 1839 he and
his junior colleague Joseph Toynbee (1815—1866) [10] noted
thickened arteries in their microdissections of diseased kidneys,
and published the observations in 1843 under Toynbee's name
alone, at Bright's request. They did not relate this to the cardiac
changes previously observed. Similarly in 1850, George (later Sir
George) Johnson (1818—1896) (another unrecognized hero in the
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history of nephrology) described the pathological appearances
from King's College Hospital in London [11]:
"In all cases of chronic renal disease... the author had observed
great hypertrophy of the arterial walls . . . the obstruction of the
systemic capillaries would account for the hypertrophy of the left
ventricle of the heart so frequently seen."
It is notable that the title of this paper includes mention of the
"pathology of the renal blood vessels in Bright's disease," clearly
commencing a new era in the study of both nephrology and
cardiology. Later [12, 13] Johnson emphasized the fact that the
small arteries (not the capillaries as Bright had suggested)
throughout the body were diseased, but still held that these
changes were always the result of renal disease, and this was the
general view from 1840 to 1870.
Samuel Wilks (1824—1911), the "Nestor of Guy's" [14, 15] was
the next of the great nineteenth century physicians to contribute
to understanding the problem. It was he who, writing on Bright's
disease in 1853, first made a tentative suggestion [16] that high
arterial tension might exist as a primary event:
"The condition of the artery on feeling the pulse often leads to a
suspicion of the disease, a thickened tortuous artery occurring so
frequently in Morbus Brightii . . . the affection of the heart is a simple
hypertrophy of the left ventricle, and of the arteries a thickening of the
coats and general rigidity of the whole system... In no one case of
Bright's disease, where hypertrophy of the left ventricle existed, have
I failed to find diseased arteries. On the other hand I have witnessed,
although seldom, cases of diseased arteries and hypertrophic heart
without the presence of diseased kidneys."
Thus the stage was set for the idea of "essential" hypertension
as a prime mover of disease to emerge, but measurement of the
arterial blood pressure necessarily had to wait for the introduction
of some method usable for patients in clinical wards.
The third Guy's physician who contributed to the study of
hypertension was Sir William Withy Gull (1816—1 890) [17], a huge
force in medicine at Guy's and nationally for many years. He was
reputed to be the richest London physician of his day, and by
some to have at least been involved with Jack the Ripper. Another
of his many claims to medical fame was his first description of
myxoedema. In 1872 Gull together with Henry Sutton (1836—
1891) published a most important paper [19]. Sutton had also
worked with Wilks. Small in stature, shy and slightly deaf, Sutton
was fond of poetry and fishing, as well as working long after hours.
He was as self-effacing as Gull was flamboyant. One of the latest
microscopes had been installed at Guy's in 1850 when the
dissecting room was refurbished [15]. However, there were no
recognized pathologists at that time, even though Sutton is
mentioned as such because, following the early resignation of
Hodgkin and the death of his talented successor, Wilkinson King,
at the age of only 39 in 1842, the physicians themselves had taken
charge of the study and teaching of morbid anatomy. After 1866
Sutton was appointed pathologist to the London Hospital as well,
and physician there ten years later.
Gull and Sutton, using fixed and frozen sections, silver and
carmine stains, examined and measured many vessels from 60
autopsies, and described and illustrated the "hyaline-fibrinoid"
microscopic appearances of the vessels in what we would now call
systemic arterial hypertension, placing the lesion clearly in the
muscular layer of the vessels, and naming the condition "arterio-
capillary fibrosis" [19]. Vessels from a variety of patients and from
all over the body were examined; Dr. Bader (see below) observed
the eyes in life, and made preparations of the retinal vessels after
death. Gull and Sutton realized that this morbid change was not
present in healthy individuals, could begin outside the kidney, and
that in some cases the kidneys were little if at all affected, yet when
they were, it was part of a "generalised morbid change." They
noted that many cases of large white kidney (nephrotic syndrome)
did not show the changes, and that its incidence increased with
age. This general change was noted to be associated with cardiac
hypertrophy, in agreement with Bright. All the pathological
evidence was available for them to make a conceptual leap;
however, they failed to do. As an explanation they fell back on
Bright's first and inaccurate explanation of a "morbid alteration of
the blood" as the cause of the generalized changes in kidneys,
blood vessels and heart. Nowhere does the word "pressure"
appear, although they remark:
"the hyaline-fibroid material in the walls of the arterioles must be
an impediment of elasticity . . . the left ventricle, therefore, owing to
this diminished elasticity, has of necessity to contract with greater
force to carry on the circulation."
In that same year of 1872, Gull gave a lecture at Guy's attended
by over 300 people. Was Frederick Akbar Mahomed, a student at
Guy's from 1869 to 1873, in the audience? With his studies on the
pulse already well developed, it seems very likely. This lecture was
published [20], and in it Gull referred to the museum specimen of
the heart and kidney of Rhoda Harrison [21]:
"In this glass you see a much hypertrophied heart and a very
contracted kidney. This specimen is classical. It was put up under Dr
Bright's own direction and with a view of showing that the wasting of
the kidney is the cause of the thickening of the heart. You cannot but
look upon it with veneration but not with conviction. I think with all
deference to so great an authority that the systemic capillaries and
had it been possible the whole patient should have been included in
this vase. Then we should have had, I believe, a truer view of the
causation of the cardiac hypertrophy and of the disease of the
kidney."
The histology of this kidney, which is currently available for
inspection in the museum at Guy's, was examined much later by
Dr. William Mann [21], and showed the changes of accelerated or
"malignant" hypertension/nephrosclerosis. Sadly, at this point
Johnson (now Sir George) exchanged a bitter series of letters in
the British Medical Journal [22] defending the older thesis denying
that high arterial tension manifested by a hard slow pulse was
always the result of renal disease, and suggesting the changes
observed by Gull and Sutton were artifacts of fixation [22]. Their
control observations made this view of Johnson's untenable, so
the pathological concept of "arteriocapillaiy fibrosis" was current
throughout the 1870s.
The idea that high blood pressure following upon affected
kidneys could bring about widespread vascular damage had been
given further impetus following descriptions of the histological
appearances of the retina in patients with albuminuria by Turk in
1850 [23]. Wilhelm Helmholtz' (1821—1894) invention of the
ophthalmoscope allowed clinicians to inspect the eye grounds of
their patients for the first time. After earlier and less complete
descriptions by Albrecht von Graefe (1828—1870), R. Liebreich
(1830—1917) in 1859 gave the best description of "retinitis albu-
minurica" to the appearance of severe hypertension in the fundus
[24], and illustrated his paper with one of the earliest color
pictures of an optic fundal appearance. The great German
physiologist and physician, Ludwig Traube (1818—1876), also
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Fig. 1. Frederick Akbar Mahomed (1849—1884).ORIGINAL COMMUNICATIONS. Wilks and Bettany [43] remark, "(this) Oriental
strain gave a distinctive aspect to his looks and
character." This is believed to be the onlyTHE PIIYSIOLOGY AND surviving portrait of Mahomed, and its exact
CLINICAL USE OP TIlE SPHYGMOGRA PH. provenance is now unknown. It appears to have
been in the possession of the Wills Library atBy F. A. MA iro MED, Guy's Hospital around the middle of theStudent of 0Y UosptuI. twentieth century; neither the College of
Physicians nor the Welicome Historical LibraryNo. I. currently have a portrait. The signature is from
The Origin am? (mellon of (lic $p1iyqmoqrap1:—Rcqit1o/io: a letter written by Mahomed to the Royal
of .Pressure—)fodc of Ajplcalion—Adopta(ion to form C College of Physicians in 1884 and in theirCardiograph, library, and is reproduced with their permission.
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commented upon the fundal appearances found in chronic
Bright's disease in his book of 1856 [25]. It appears strange that
Traube seems to have remained completely ignorant of the work
of Bright, Wilks, Gull, Johnson and others in England, although
their findings were extensively discussed elsewhere on the Euro-
pean continent. Wilks records that as late as 1875 the German
physician Bartels said, after praising his work, "in Germany the
work of Samuel Wilks seems to have received little or no
recognition" [14]. Working independently, and starting from
physiology and post-mortem appearances, in 1856 Traube sug-
gested that the reason for the cardiac hypertrophy and the retinitis
in Bright's disease was increased pressure within the arterial
system [25]. However, Traube still pictured, as did all his contem-
poraries except perhaps Samuel Wilks, that renal disease was
always the prime mover, with the high blood pressure and the
consequent cardiac hypertrophy and retinitis being secondary
effects.
The ophthalmoscope was introduced into clinical practice at
Guy's in 1861 by the importation of a German who had studied
under von Graefe, Charles Bader, as "oculist" to the hospital [15].
One wonders what William Bowman, the describer of glomerular
anatomy who became an ophthalmologist and survived until 1892,
thought of these new descriptions of the organ that had first
attracted his attention in the early 1840s [26].
The time was thus ripe for the realization that high intra-
arterial tension could be the prime mover in many of these cases.
It was Frederick Henry Horatio Akbar Mahomed (Fig. 1), yet
another Guy's physician and a pupil of Wilks, Bright's assistant
Hugh Owen Rees (1813—1889), and Frederick Pavy (1828—1911),
among others, who first pointed out with absolute clarity that: (1)
apparently healthy individuals might have high arterial blood
pressure; (2) this finding became more common with age; (3) the
data on population incidence for hypertension are identical with
contemporary epidemiology; and finally, (4) sustained high arte-
rial tension might cause damage to heart, brain and kidneys and
lead to a potential vicious circle of renal and hypertensive
damage.
However, to study the problem adequately, some method of
measuring the blood pressure was needed. Mahomed, despite his
successful observations and bold speculations, used a method of
assessing blood pressure that was flawed and difficult to use. To
understand his apparatus we need to recapitulate what prior
progress had been made in measuring the pulse and blood
pressure.
Measurement of the blood pressure and analysis of pulse
wave forms
The direct measurements of pressure within severed arteries in
dogs and horses by Hales [2] and Poiseuille [51 have been
mentioned. To study the pulse wave more accurately, it was
necessary to display and record it in some way. O'Brien and
Fitzgerald [27] quote a Frenchman, Jules Herisson, as having
introduced a device in 1833 that he called a "sphygmometer."
This was the first of a number of early attempts to make the pulse
wave more visible and easier to analyze, rather than to measure
arterial pressure per Se. Herisson's apparatus involved compress-
ing the radial artery with a bulb containing mercury and assessing
the oscillations in the height of the column; it allowed assessment
of the pressure that occluded the radial artery. Although trans-
lated into English two years later, this interesting work seems to
be completely ignored by the British clinicians, perhaps because
Herisson gave no measurements of the pressures he recorded,
even though he was astute enough to relate a hard pulse to left
ventricular hypertrophy and apoplexy.
Dudgeon [28], describes the history of the next development,
that of the sphygmograph, in his little book published in 1882. In
essence the machines involved attaching some object, usually a
thin piece of wood, to the radial or other artery, and magnifying
the movement through systems of levers to make it more easily
visible. Thus arose the "sphygmoscope" of Scott-Allison (1838),
machines designed by Naumann and Butcher, Chelius' "Kasten-
pulsmesser" of 1850 (a type of plethysmograph), Longuet's and
Baker's "sphygmographs," and such aberrations as Stein's "sphyg-
mophone," which rendered the pulse wave audible by an elec-
tromagmentic induction coil. Meanwhile, the physiologist Fick
repeated the Reverend Hales' and Poiseulle's work in animals. In
1856, Faivre [29] repeated the experiment for the first time in
humans who were undergoing amputation of the leg or arm by
direct cannulation, and obtained a figure of about 120 mm Hg for
the systolic pressure.
Almost at the same time Karl Vierordt of Tubingen (1818—
1884) [30, 31] was using a lever, pan weights and scales to measure
pressures by compression of the artery, but his apparatus was
impossibly complicated for clinical use. It is illustrated in papers
by O'Brien and Fitzgerald [27] and Major [32]. His apparatus only
gave a very crude indication of the waveform of the pulse. Indeed,
Vierordt believed that the subsidiary waves such as the dicrotic
notch were artifacts, and carefully adjusted the applied pressure
to eliminate them and so produce a bland sine-wave curve! As
Dudgeon [281 wrote in 1882:
"thus he (l/ierordt) took great pains to furnish us with a mean-
ingless tracing."
However, Vierordt's major contribution was to adapt Ludwig's
revolutionary kymograph to analyze pulse waveforms, by allowing
a pen to inscribe a tracing on moving smoked paper, and thus
provide a permanent record of the pulse wave.
It was Etienne-Jules Marey (1830—1904) in Paris who made
proper analysis of the pulse wave possible in humans. Marey, born
in Beane (location of the Musée Marey dedicated to his life and
work), wanted to be an engineer, but his parents forced him into
medicine [33]. As soon as he was able, he turned his attention to
applying technology to medicine, including the refinement of
Vierordt's apparatus [34], and published a number of papers on
the waveforms of the pulse in different diseases. He realized that
it would be possible to measure the blood pressure by finding the
pressure that would occlude the pulse wave, but his sphygmograph
was totally ill-fitted to achieve this end.
Marey's sphygmograph was introduced into England principally
by John Burdon Sanderson (1828—1905) (later Sir John), who
clearly came close to describing essential hypertension himself
(see below). Mahomed wrote that he regretted that Sanderson's
"excellent book" [35] had so little impact. Burdon Sanderson [36]
was born in Northumberland and qualified in Edinburgh in 1851,
taking the gold medal there, after which he studied chemistry and
physiology for two years in Paris with Gerhard and Wurtz,
attending Claude Bernard's lectures while there. He held various
posts in London until 1871, when he gave up clinical practice to
devote himself to physiology. At the time of his studies with the
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Fig. 2. FrederickAkbar Mahomed's presentation to the Pupil's Physical Society at Guy's Hospital in September 1871. The manuscript is written in his own
hand.
sphygmograph he was Assistant Physician at the Brompton Hos-
pital.
Sanderson modified Marey's sphygmograph to allow more
accurate graduation of the pressure applied to the artery, as did
Baithasar Foster [25, 31, 35], but both did this with the aim of
improving the shape and fidelity of the tracing, and not of
measuring the arterial pressure.
Akbar Mahomed's contribution to the study of high
blood pressure
The two most startling facts are first that Mahomed's main
contributions were made when he was still a student or very junior
doctor, and second that the apparatus on which he based his thesis
remained flawed. His first, hitherto unpublished paper was pre-
sented to the Pupil's Physical Society at Guy's in September 1871
when he was only 23 years old and a "student of Guy's Hospital"
(Fig. 2). Although an extensive series of papers detailing his
findings appeared in print from 1872 to 1873 [371, and describing
his modification and use of the sphygmograph, only in the final
papers was he named "Assistant medical officer to the Central
London Sick Asylum." More results appeared in another paper of
1874 when he was 25 [38] and not yet a resident.
Akbar Mahomed was the first to attempt clinical measurement
of high blood pressure conceptualized as a primary event incor-
porating the morbid changes already recognized in the post-
mortem room by Wilks [15, 16], Johnson [12, 13], and Gull and
Sutton [18]. Mahomed was the first to correctly describe one the
most common medical scourges of humankind.
Mahomed built on Burdon Sanderson's modifications of
Marey's sphygmograph of 1863 [30] by making it lighter (Fig. 3) so
that the pressure it exerted was much less. Therefore it was more
responsive, and capable of being strapped to the forearm so that
the ivory pad could rest lightly on the radial artery. However, the
major modification was to introduce a screw, so that measure-
ments of the pressure required to occlude the arterial wave could
be made quite simply in ounces of troy weight, the measure still
used to weigh gold. This modification, Mahomed said in his
dissertation to the Pupil's Physical Society at Guy's (Fig. 2), was at
the suggestion of Mr. Clark, the jeweller and watchmaker who
assembled the apparatus.
Mahomed's work on the pulse was begun at Guy's in the
laboratory of the notable clinician and physiologist, Frederick
William Pavy (1828—1911) [39], who had studied the "saccharine
substance" of the blood in Paris from 1852—1854 with Claude
Bernard. Both Pavy's "horses and dinners were renowned for
their excellence" [15]. Mahomed's first clinical post was as one of
Pavy's house physicians, and this critical influence on Mahomed
must have been considerable.
Mahomed used his modified sphygmograph between 1870 and
1881 to study the form and pressure of the pulse in hundreds of
patients with a wide variety of diseases. It is not always clear how
he obtained the diagnosis of high arterial pressure. There is
mention in his papers of checking it using the screw that he and
Mr. Clark added, and a pressure of "between one and six ounces"
is mentioned as one of the characteristics of "high arterial
tension." Probably in the majority of cases the "high" arterial
tension was implied by the waveforms [41], which were extensively
Eta. I.
Etc. 1.—Perspective view of Mr. Mabomed's modified Spliygmogrnph.
It is to the arrangement of the levers by which
the pulse-wave is transmitted and increased in size, as de-
picted in rig. 2, that I would call attention. The main-
tpring, marked in the diagram s, is attached to the frame-
work of the instrument by a hinge joint, 11 which permits
up t a right anlc, and terminates in a sharp knife-like edge
which is kept in contact with the writing-lever, a, by the regu
lation of the screw, n. This screw passes through the lever, a
and rests upon the spring just above the ivory pad; evefl
movement of the pad 18 therefore transmitted by means of thi
screv to the lever, a, and, by its sharp upturned extremity b
the writing lever, D, the length of the screw below the lever, n
being increased or diminished according to the variation of tb
distance between the aprin3, s, and the writing-lever,o. Pasain
through theenci of the writing-lever,a, is a hollow bar, nceivin
two fine pins which project from either side of the framewor)
of the instrument; in tins case, also, perfect vertical movemen
is obtained. The lever is made of a delicate slip of ettremel'
light and flexible wood, and its free extremity is armed with i
pen or Rae steel point, by which its movements are recorded 01
tho slide moved past it by means of clockwork, travelling a
fun ,infn af n},n,,t fin,, inrhn in ten RPC4ITlaR In hEarty'
2.
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Pie. 2.
Tr, 2.—Diagrarnroatie section, sbo'e-ing arrangement of levers aed eccentric.
free verti.cal, but no lateral movement.. Its free extremity,
'which i covered by an ivory pad, rests upon the artery (usually
the radial) from which it is proposed to obtain a tracing. To
this spring is attached a block, c, which forms the centre of move-
ment for a lever of the third order, marked a, which encloses it
by the bifurcation of its extremity, a pin projecting from either
side of the block, and passing through each extremity of the
bifurcation, thus insuring a perfect vertical movement free from
lateral oscillations. The free extremity of this lever is turned
 tt a right nn ,  t i t  i    i li  ,
i  i  t i  t t it  t  riti -lever, a, by the regu-
l ti  f t  scre , E.   ss s t r ugh the lever, a,
 cts upon the spring just a  t  i   ry
    is t r f  tra s itte   ea s f t e
ow to the le er, ,  tr ity to
t  riting lever, i, t l t  f t  r  l  t  l r, a,
i  i r  r i i i  r i  t  t  ri ti  f the
distance bet een the sprin, ,and the writing-lever,D. Passing
t r  t e nd of tim  iti l r,n, i a hollow bar, re i i g
t  fi  i  i  r j t fr  it r i  f t  fr rk
 t  i t t; i  thi  , l , t ti l t
i  The lever is made of a. delicate slip of extre ely
li t  l i l  ,  it   t it  i   it  a
n or fine steel i t,  ic  its ovements are recorded on
t e slide oved past it by eans of clock ork, travelling at
the rato of about four i c es i  to  seconds. In Marcy's
original sphygmograpb the mainspring was rivetted to a sloping
platform; a considorablo amount of pressure was therefore
unavoidable under all circumstances. This was increased by
the use of a screw passing through the spring and pressing it
closer to the platform; the variation was not great, and the
pressure employed quite unknown.
The principal point, then, to attain is the ability to apply the
spbygmograph with the smallest possible amount of pressure
upon the artery, the tension of the spring being equally slight,
to accommodate itself to the feeblest pulse, and then to
gradually increase the pressure to the necessary extent,
Fig. 3. Mahomedy sphygmograph. This apparatus, modified from that of Marcy [30], was made by a jeweller and watchmaker of Forest Hill, South
London, Mr. (A.) Clark, under Mahomed's directions (from the Medical Times and Gazette, 1872 [76]). The apparatus was strapped to the forearm over
the radial artery. One of the crucial modifications, adding the screw that permitted accurate assessment of the pressure required to occlude the pulse,
was suggested to Mahomcd by Mr. Clark. Goodhart and Jacobson [33] describe Mahomed's journeys on the train from Forest Hill as Mahomed reading
Marcy's papers to the astonishment of the clerks travelling into the city. Medical students (and doctors, including one author of this paper) from Guy's
still live in the Forest Hill area.
studied and discussed in the literature of the period (the contem-
porary relevance has been reviewed by O'Rourke [40]). Subse-
quently, it was shown that these measurements were quite unre-
liable in other hands, but obviously Mahomed was able to
standardize them, perhaps because he could know the pressure he
was using on the artery.
Results were published in a series of papers, as well as being
presented at various meetings, the proceedings of which were
noted in the medical journals [37, 38, 41—46]. Mahomed began
describing his apparatus in his student papers (Fig. 3). In the first
paragraph of his first paper [37] he wrote with extraordinary
maturity:
"The pulse ranks first amongst our guides; no surgeon can despise
its counsel no physician shut his ears to its appeal. .. . Our sense of
touch however highly educated, is manifestly liable to error and. .. it
is by the aid of this more accurate sense (i.e. sight) we should study
the pulse in its marvellous changes of character and form, as
recorded by the sphygmograph."
When he published a further series of 100 cases of granular
kidney in 1879 [43], in the introduction he wrote:
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"Unfortunately when we obtained the stethoscope we threw aside
the pulse; the stethoscope indicated structural changes which we
could demonstrate after death, the pulse told us of functional
conditions which we could not discover by dissection.. . this we have
at length obtained with the sphygmograph, and the time has come
when must again be studied accurately."
In 1874 Mahomed's mentor, Dr. Broadbent, presented on his
behalf his paper to the Medico-Chirurgical Society of London
describing the form and pressure of the pulse in acute cases of
scarlatinal nephritis at the London Fever Hospital. In the sum-
mary introduction to the detailed case reports Mahomed wrote
[38]:
"Previous to the commencement of any kidney change, or to the
appearance of albumen in the urine, the first condition observable is
the high tension in the arterial system . . . if sufficiently severe,
transudation of the characteristic ciystalloids of the blood, notably
haemoglobine, occurs before albumen appears in the urine, and...
if still uncontrollable, Bright's disease in one of its forms ensues."
He thus clearly established the possible primacy of high blood
pressure in causing functional kidney damage. Mahomed then
went on to study blood pressure in a variety of disorders, including
chronic Bright's disease, and found that similar tracings were also
obtained from a variety of individuals who did not have Bright's
disease. Of interest, he comments on the normal fundus of
patients with acute nephritis. As noted above, the ophthalmo-
scope was in routine use by that time. By 1877 he was able to give
the first description of essential hypertension [41, 42] at a meeting
of the Pathological Society at which Gull, Sutton and Clifford
Allbutt all participated:
"It is very common to meet with people apparently in good health
who have no albumen in the urine, who constantly present a
condition of high arterial tension when examined by the aid of the
sphygmograph."
Later [43] he was careful to note that in 1867 Burdon Sanderson
had said, as a conclusion to a lecture given to the Royal College
of Physicians, which forms the second half of his little book from
1867 on the use of the sphygmograph [35]:
"There are many persons in whom in the absence of any trace of
ailment, the pulse curve indicates that the arterial resistance is
excessive. The question is—are such persons sound? I think not; but,
as yet, we know too little to speak dogmatically."
By 1877, however, Mahomed had enough data to be unequiv-
ocal on this question, and to point out to his elders that even if
they could not pick out the clinical consequences of arterio-
capillary fibrosis, he could. In his 1879 paper [44] he goes further:
"... highpressure is comparatively rare amongst young persons,
occurring apparently in about 8%. In them, especially if constant and
severe, it must be regarded as of grave import. . . howeverslight their
symptoms now.. . when they arrive at the age it wilifind them out...
after fifty.. . it brings about a very high proportion of deaths past this
age."
He further notes certain features of the waveform that allow the
presence of high blood pressure to be inferred, even if no direct
measurement can be made. He mentions the possibility of using a
plethysmographic chamber as employed by Marey to measure the
blood pressure, noting that [44]:
"it is found by this means that a pressure varying from 12 to 16
centimetres mercury usually suffices to overcome the blood pressure."
This paper described the incidence of granular changes in the
kidneys in general patients dying on the wards at Guy's with
increasing age: the prevalence rose from 9 of 45 in those aged 51
to 55 years, up to 7 of 10 in those aged 76 to 90 years of age. This
confirmed observations made by Gull and Sutton [18]. The effect
of amyl nitrate on the pulse waveform and pressure was detailed,
as Broadbent had used it before [45], and also the use of the new
compound glyceryl trinitrate, and its great benefit in those with
congestive failure from high blood pressure. Mahomed pointed
out that these crucial experiments of Broadbent showed that the
high arterial tension had a functional component, since it could be
relieved, rather than simply resulting from structural alterations in
the vessel wall.
Also in 1879, in a paper presented to the London Medical
Society [43], Mahomed made a more general review and allowed
himself to speculate much more widely. By this time he had
realized that a vicious circle of hypertension and kidney damage
could arise:
"Thus, general disorder may cause high arterial pressure and this,
in its turn, kidney changes; while on the other hand, kidney changes
may be primary and acute and they may in their turn produce
impurity of the blood and this general pressure. But whether we read
the tale backwards or forwards it is the same tale in the end."
He also described the natural history of essential hypertension
[421:
"These persons appear to pass on through life pretty much as
others do . . . (but) as age advances the enemy gains accession of
strength.... the individual has now passed forty years, perhaps fifty
years of age... but by his pulse you will know him.... alternatively
headache, vertigo, epist axis, a passing paralysis, a more severe
apopleptic seizure, and then the final blow."
Most importantly, his clinical findings clearly related to the
pathology described previously [12—16, 18]:
"The observations provide strong evidence of Gull and Sutton's
work. It appears to me that these clinica4 and their pathological
observations must stand and fall together; that one is the patholog-
ical, the other the clinical aspect of the same condition."
Finally, in 1881 his Cambridge MB thesis was published [46] in
the Guy's Reports. There is regular mention of microscopy of
post-mortem kidneys, the work of the German pathologists on
glomerular changes is quoted, and the appearances of the fundus
is described in some cases as a routine. The main object of this
series of 71 further cases was to illustrate the fact that Bright's
disease was always preceded by a functional stage characterized by
high blood pressure:
we have to deal with three stages of chronic Bright's disease:
first the functional stage, which is limited to the condition of high
arterial pressure without organic changes in either the vascular system
or the kidney; second... the stage of chronic changes in the vascular
system and in the kidney ... third chronic Bright's disease with
nephritis. .
He notes the frequency of epistaxis in elderly hypertensives and
remarks:
if their noses did not bleed their brains would."
His last paper on the subject of kidney disease and high blood
pressure [47] is a workman-like summary of knowledge about
albuminuria and uremia at that time, and provides no new
insights.
By this time (1881) the work of Ritter von Basch (1837—1905)
on indirect measurements of arterial tension in Germany was
becoming available [48]. Who knows what Akbar Mahomed might
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Fig. 4. The family tree of the Mahomed family. This has been constructed mainly from data in the relevant birth, marriage and death certificates and
census records, and from the register of St Nicholas' church, Brighton, now kept in the East Sussex Archives in Lewes. Some data on the
Hodgkinson-Wyatt family are taken from [771. We are grateful to Dr. Michael Fisher, of Oberlin College, Ohio, for some information on Sake Deen
Mahomed and his immediate family [621, and Rozina Visram for census data. Dr. Tony Batty Shaw also supplied some unpublished data on Frederick
Akbar's children.
have done with these and other new tools? However, he died in
1884, at the age of only 35, from typhoid.
Frederick Akbar Mahomed (1849—1884): The man
Mahomed's work raises many questions. How was it that in
Victorian England someone with as unusual a name as Mahomed
was able to practice in a leading London hospital during the 1870s
and 1880s which uniquely came to be at the center of innovative
medicine. Why did the explosion of ideas in this field occur in this
one London hospital? Finally, why was Mahomed's contribution
so neglected for 100 years after his death?
Considering this last question, although Mahomed's ideas were
lauded in the Guy's Hospital Reports following his death [49], and
in the same venue in the earlier twentieth century [50—52], until
recently his landmark contributions remained almost unknown
outside his own hospital. However, one of his papers was included
in Classics in Arterial Hypertension [53], and recently Ferris [54],
Rault [55], O'Rourke [40], and Harlos and Heildland [56] have
briefly praised his contribution to a wider audience. Nevertheless,
his work remains little appreciated by the nephrological or
medical community, and only scanty biographical data available.
An important article by Batty Shaw [51] contains almost all the
biographical material available, together with a bibliography
incorporated into more accessible sources [401; all later accounts
[54—56] have drawn almost exclusively on this paper. Other
contemporary sources include an appreciation in the Reports by
Goodhart and Jacobson [49], who were his teacher and peer,
respectively, Wilks and Bettany [57], together with obituary
notices [58—60], and the records in the library at Guy's. Ma-
homed's children dissociated themselves from the family to the
degree of changing their family name, and have not been traced
yet, so no personal or laboratory records have come to light.
Akbar Mahomed was highly unusual for a nineteenth century
British physician in that he was part Indian. His family tree is
shown in Figure 4. He was the grandson of a remarkable man,
Sake (Sheikh) Deen Mahomed [51, 61—68] (Fig. 4), Fisher [62]
gives a detailed biography of this flamboyant character, and he
and Visram [63] discuss the many controversies over the details of
his life, about which he falsified a number of points. Sake Deen
was born in Patna (Bihar state) probably in 1759 [62, 64, 66], and
joined the East India Company at the age of 11 after the death of
his father, himself a subadar (captain) of a sepoy (native Indian)
regiment. Sake Deen may have trained later in Calcutta as a
surgeon's apprentice, and during a period as a military surgeon in
a native regiment saw active service in a number of battles in 1780,
rising like his own father to the rank of subadar. Then Sake Deen
came to Cork in Ireland in 1784 with his own Captain's brother, a
Captain Baker, where he learned English. Two years later he
eloped with "a pretty Irish girl of respectable parentage" [69], named
Jane Daly, and married her in 1786 [62]. He remained in Ireland
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Fig. 5. Sake Deen Mahomed's baths in Brighton at 2, Black Lion Street. Frederick Akbar Mahomed was born in this house in 1849.
with Captain Baker's family, publishing his life stoly and travels in
1794 [641.
In about 1802 Sake Deen moved to England, and later deter-
mined to set up a bathing establishment to introduce the Indian
scented bath to the English people. The family moved to Brighton
from London, possibly about 1812, and while there opened
massage (shampoo) and vapor baths on the sea front at 39 East
Cliff, formerly no 1 King's Road, for the treatment of rheumato-
logical and other complaints. This building (Fig. 5) no longer
exists, having been pulled down in 1869 [511 for the construction
of a hotel; currently it is the site of the west end of the Queen's
hotel. Cotton [611 gives a number of interesting facts regarding
the operation of these baths, and the day books, separate for men
and women, are now in the Brighton Library and Art Gallery. A
contemporary [70] described the process as:
"a sort of stewing alive by steam, sweetened by being forced
through odonferous herbs ... until the cartilaginous substance of
your joints are made as pliable as the ligaments in boiled calves'feet,
your whole system relaxed, unnerved, and your trembling legs are...
unable to support your body."
Sake Deen had come from India with letters of commendation
to no less than Sir William Pitt, who introduced him to King
George III [67]. Thus he was able to enter society despite—or
perhaps because of—his Indian background and appearance (Fig.
3). His court dress is preserved in the Brighton library and Art
Gallery. The baths were popular and financially successful.
"Mahomed's Shampooing Bath" was amongst the noted institu-
(ions of Brighton; and Sake Deen himself one of the local celebrities,
driving his curricle to the races, gorgeous in eastern costume, his
pretty wife by his side, and a dagger in his girdle" [71/.
Through the Prince of Wales' (later King George IV) interest in
Brighton (his first visit was in 1783) and in sea bathing, Deen
Mahomed became "Shampoo surgeon" to his majesty and also
later to King William IV, and was responsible for the design of the
baths in the Royal Pavilion seen today. Later, in 1832, leaving his
youngest son Arthur in charge of the baths in Brighton, the family
opened baths in London in fashionable St James', first at 11 St
James' Place, then in 1838 in 7 Little Ryder Street, and finally at
42 Somerset Street (Duke Street) North of Oxford Street [72].
After his retirement in 1843 this London enterprise was carried on
by another of his sons, Horatio, who also wrote books on
shampooing [73, 74] that give a good deal more detail on the
techniques and the substances used in the baths than his father's.
Deen Mahomed's own book [65] (Fig. 6), Shampooing or
Benefits Resulting from the Use of the Indian Medicated Vapour
Bath, was published in 1822, ran to two further editions (1826 and
1838; Fig. 7), and was dedicated to "the King's most excellent
Majesty in testimony of devoted respect." The book details the
various cures attributed to the bathing, and notes that among
those medical men who recommended the baths was the notable
Guy's Surgeon, Sir Ashley (sic) Cooper. Several delighted patrons
were moved to poetry:
"Begin my Muse, the grateful theme,
And sing the wond'rous power of Steam...
Sake Deen retired from active work in 1843 at the age of 84
[67], leaving his son Horatio to continue running the London
baths [72—74], and died at a ripe age, probably 92 [66], "having
enjoyed uninterrupted good health, and retained all his faculties
unimpaired to the last hour of his life" [68]. His wife Jane had
predeceased him at the age of 70 from a cancerous uterus only two
months previously, and after her death "he drooped and died
without any apparent physical cause" [68].
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Fig. 6. Sake Deen Mahomed (1759—1851). This
picture forms the frontispiece of his book on
Shampooing, which ran to three editions (see
Fig. 7).
Akbar's father, Frederick Mahomed (1818—1888), who had
witnessed both his father's and his mother's deaths so close
together, is in contrast with his flamboyant father a rather
shadowy figure [71]. Indeed, some accounts [75] eliminate him
altogether, and describe Akbar as Deen Mahomed's son! Even
Frederick's own obituary [57] states that
"the chi ef interest attaching to Mr Mahomed was his being the last
surviving son of... Sake Deen Mahomed."
Nevertheless, Frederick had a colorful career in Brighton,
having been born there in July 1818. He started out as a dancer,
training with a Mr. James Brown and beginning his career at a
very young age in Liverpool. By the age of 20, however, he was
back in Brighton setting up a fencing, gymnastics and callisthenics
academy at 49 Preston Street, soon transferring to 109 Church
Street and including boxing instruction. By 1865 he had two
establishments in both Kempton and West Street, Hove [76]. He
was described [71] as:
"of an amiable and unobtrusive character, taking no part in any
public proceedings, except in his early youth when he was an
accomplished dancer."
Frederick married Frances Owen in 1843, who died later that
year after only nine months of marriage. He had five sons and
three daughters between 1849 and 1861 by his second wife, Sarah
Hodgkinson (1816—1905), whose family originally came from
Foolow in Derbyshire [77], whom he married in 1848 at Brighton.
His wife started a section of the gymnasium for young ladies,
teaching the "Swedish musical exercises so popular for girls" [71],
and described herself as "Professor of exercises for young ladies"
in the census of 1851.
Akbar [781 was their eldest son, and together with his younger
brother Arthur George Suleiman (1857—1943) went into medicine
and trained at Guy's. Arthur George, who qualified from Guy's
Hospital in 1880, then went into family practice in Bournemouth
and died in 1943. Another brother, James Deen Kerriman Ma-
homed (1854—1935), studied for the church at Oxford, was
ordained in the Church of England and died in 1935. The younger
brother Henry and sister Adeline attended his funeral [791
Frederick died of carcinoma of the stomach on July 30, 1888,
leaving his widow and eight children.
Akbar Mahomed was born of Sarah Hodgkinson on April 11,
1849 at 2, Black Lion Street above the East Cliff on the front at
Brighton, and was educated privately in that town [51]. In a
personal "life history album" (sadly no longer extant), he wrote of
himself [49]:
"As a child, rampagious, irritable and passionate; always restless
and excitable, and giving them no peace in his home; in early
boyhood not remarkable for any brilliancy, maintaining a good
average place at schoo4 with a tendency towards mathematics, weak
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in languages, fond of mechanical toys, and apt in constructing
them."
This last characteristic must have stood him in good stead when
it came to measuring the blood pressure. Another recollection of
him as a young man [77] remembered him as:
"full of fun and up to pranks of all sorts... in the evenings they
had charades and used a large basket full of clothes belonging to my
grandmother."
Young Akbar (as we learn from these letters he was usually
called) studied medicine first for two years at The Sussex County
Hospital in that town, being admitted as a student on April 17,
1867 [80] aged just 18 years. Curiously his name is not recorded in
the lists of clinical clerks in the physicians case books for the two
subsequent years [81], but the pupils of all the doctors there are
not in the list. The medical school had been founded by Mr. E.J.
Furner, a surgeon, in 1834 and was recognized by both the Royal
College of Surgeons and the Apothecaries' Hall of London [82]
(although not the College of Physicians), and it admitted students
at least until 1880.
From Brighton, Akbar entered Guy's as a student in October
1869 at the age of 20. In the years 1870 and 1871 he was
universally praised in the student's rolls of Guy's for the quality of
his work, and won the student Pupils' Physical Society prize in
1871 for his work on the sphygmograph [37] (Fig. 3), after being
runner-up the previous year. The manuscript of his presentation,
in his own handwriting, is in the records of the Physical Society at
Guy's Hospital (Fig. 3). He qualified as a Member of the Royal
College of Surgeons in 1872. Wishing to marry and make a career,
he did not take a university degree in medicine, but took up a post
immediately, on his MRCS qualification, at the Highgate Infir-
mary (Central London Sick Asylum) in North London. In April
1873 he was appointed as resident medical officer at the new
London Fever Hospital in Liverpool Street, Islington, founded in
1848 to take over the function of the various pest houses scattered
in the city, a post which he maintained until his death [49, 57—60].
Now having a post, on June 14, 1873 at the parish church of St
Nicholas', Brighton, where his paternal grandparents were buried
and his parents had been married, he was betrothed to Ellen
(Nellie) Chalk, by whom he had a son Archie and a daughter,
Ellen. Nellie's father Charles, a solicitor, was already dead by the
time of the marriage, and it was witnessed by her mother
Charlotte, brother and sisters.
At the London Fever Hospital Akbar came under the tutelage
of Sir William Broadbent (1835—1907), also of St Mary's Hospital,
who also had an interest in the analysis of the pulse [45] and
whose work Mahomed quoted with approbation. In return,
Broadbent used some of Mahomed's tracings in his own articles
[45]. In 1874 Mahomed gained the membership of the Royal
College of Physicians, then as now an essential recognition as a
physician in the United kingdom, and with Broadbent's support
was appointed as student tutor and pathologist at St Mary's
Hospital, Paddington, moving to 54 Norfolk Square near that
hospital, which his family shared with some of his pupils [49].
Tragedy entered his life, when his wife Nellie Chalk died suddenly
of septicemia in 1876 only a month after the birth of her second
child, Ellen, leaving him with an infant and a toddler. He moved
in with his uncle Horatio, also a widower, in Seymour Street near
Portman Square.
He had always wanted to work at Guy's, and returned there in
1877 as a Registrar (Senior Resident) when James Goodhart,
later his memorialist [49], was promoted from Registrar to a post
on the senior staff. Realizing that he could not make the best use
of his abilities to forge a career unless he had a university degree,
he first obtained an M.D. from the University of Brussels in 1875.
At that time this University awarded degrees to British doctors
after taking an examination in Brussels, which he passed with the
highest honors [83]. Presumably finding that this foreign degree,
after all, did not suffice [84], he set about qualifying MB Cam-
bridge through Gonville and Caius College, since a Cambridge
degree could be obtained faster than though London University.
This involved commuting from London to Cambridge twice a
week on the last train of the day to satisfy the regulations ("keep
his terms"), after his heavy work at several hospitals was done [49,
57—59]. Although still only a resident, he was elected as Fellow of
the Royal College of Physicians in 1880 as soon as the rules on
time since obtaining the membership allowed, although he had to
defer taking this honor up because he could not afford the fees
[49]. Then in 1881 he obtained his Cambridge degree for his thesis
on "Chronic Bright's disease without albuminuria" [46].
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During 1880 to 1881 a major disagreement between the gover-
nors and the staff of Guy's erupted over nursing arrangements
[85], which led, after prolonged acrimony, to the resignations of
both the senior Surgeon and the Senior Physician, Dr. Samuel
Habershon—who was in any case due to retire shortly. Mahomed
applied for the more junior, but tenured post of Assistant
Physician, which in turn had become vacant, and was appointed
on December 5, 1881. The following year he was appointed as
Demonstrator in Morbid Anatomy. A successful career at the
height of London medicine now seemed secure.
Ada Chalk, the younger sister of his first wife, must have been
with him at Seymour Place, perhaps looking after the children,
and in 1880 she and Akbar moved to 12, St Thomas' Street, just
down the road from the main entrance of Guy's Hospital [86].
There, two daughters (Dorothy and Janet) were born in 1880 and
1881, and a son (Humphrey) in 1883. Akbar appears never to have
married Ada, perhaps because the Church of England forbade a
marriage to the sister of a deceased wife, although a civil marriage
would have been possible. In his will she is referred to in the body
of the document as "Mrs. Ada Mahomed", but as Trustee she is
listed as "Ada Chalk, spinster." In the summer of 1884 they
moved from St Thomas' Street into a roomy and handsome
six-story Georgian house at 24 Manchester Square, North of
Oxford Street near the Wallace collection and his uncle Horatio's
baths, by this time located in Somerset Street. The house is
occupied today by the charitable foundation, the Sir Jules Thorn
Trust.
Tragically, only a few months later, at the beginning of Novem-
ber 1884, Mahomed contracted typhoid fever, possibly from one
of his patients at the London Fever Hospital. He became ill at a
College Committee on regulation of medicines [49, 58], but
insisted on continuing to work to see a sick student, saying to his
wife, "would you have me stay at home for a bilious attack when
the life of another is in danger?" [49]. Nevertheless, he predicted
that he might have a hemorrhage [49]. After 24 days of illness,
tended by his mentors, friends and colleagues, Dr. William
Broadbent from the London Fever Hospital and Sir Samuel Wilks
from Guys, he died at his home on November 22nd from the
hemorrhage he feared, probably followed by an intestinal perfo-
ration. He was only 35 years old:
"Alas! when after years of heavy toil in the gloom of St Thomas'
Street, he had just ventured into a new house in Manchester Square;
when the sun was beginning to shine upon his path; when he was
entering upon the prime of life; when the sound practical outcome of
his large clinical and pathological experience was beginning to be
appreciated; when it was evident that the energy, ability, quick
decision and emphatic manner would make their way—when in
short the good prospect of a successful career as a physician was
before him—he succumbs to typhoid" [58].
His grieving wife purchased a fine plot in fashionable Highgate
cemetery (Fig. 8) for the sum of 20 guineas [87], and on November
28, 1884 his funeral cortege including his bereft parents, wound up
the hill to his last resting place past the walls of the first hospital
where he had worked, the Highgate Infirmary. On his gravestone
he is remembered as well as his first wife.
His father survived him by four more years. Only one of
Frederick Akbar Mahomed's children went into medicine, his
elder son Archie [88], who qualified from Aberdeen and St Mary's
hospital in 1902, taking an M.D. in 1910 with a thesis entitled
"Clinical observations on arterial blood pressure." In 1914 he and
Fig. 8. Mahomed's grave in Highgate cemetey, North London (plot number
26346, on the right on the main avenue, one row back). This cemetely was
a private venture opened in 1839, and then London's most fashionable
mausoleum, and is today perhaps most famous as the last resting place of
Karl Marx.
the rest of the family changed their name to Deane, which is a
distant recollection of his great-grandfather's name, Deen. He did
not marry, but practiced in the Princess Alice Memorial Hospital,
Eastbourne, later in Abingdon, and died in Oxford in 1948.
What sort of man was Akbar Mahomed? Clearly he was a
charming, impressive and unusual individual whom no one over-
looked or forgot, but who aroused strong opinions. In 1951 Dr.
Batty Shaw [51] was fortunate enough to make contact with a
centenarian, Dr. Edwin Clifford Beale, who as a student and
houseman knew Mahomed at Cambridge and then as a registrar
at Guy's:
"Mahomed was a tall and distinguished person, clean shaven and
with a most attractive manner; he was always in a huny and always
had a book under one ann; he was frequently in the wards, forever
looking at cases and picking other people's brains for their ideas."
His Cambridge friend and sponsor Professor Humphry de-
scribed him [58] as:
"tall, dark and of commanding presence; quick, energetic and
impulsive; in the framing of new idea, his intelligence was most
fertile,"
while Wilks and Bettany [57] wrote that he was:
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"altogether large type of man, tall and stout, so that his presence
was always veiy noticeable ... his great characteristic was his
indomitable energy. He would work with an ardour an enthusiasm
not often met with. . . he always had in hand some new enterprise or
scheme for improving methods of investigation or teaching."
Mahomed was amazingly active and industrious not only in his
work on the wards, but on committees and at the college of
physicians:
"in questions scientific, sanitaly, medico-political, social; no mat-
ter what it was, a pressing discussion found Mahomed somewhere in
the outskirts, waiting, eager, almost panting to join in [49]."
All descriptions attest to his high intelligence, boundless enthu-
siasm, industry and wide range of interests "a braver, nobler or
better man I have rarely known" [58]. "It is impossible to say what
such a man might not have done," wrote Wilks and Bettany [57].
However, others criticized him for his flights of fancy, for being
taken by single symptoms and losing sight of the whole picture of
disease [49], and although
"a painstaking teacher and always had the welfare of the medical
students and their better education in his thoughts. .. he was too
ready to assume a knowledge in the student which was not as yet
possessed," he was accused of over-interpreting his sphygmo-
graphic results, and for "seeing hypertension and Bright's disease
everywhere" [51]:
"his was a rather tumultuously teeming brain, and being so, the
workings of its tides inevitably produced a crest of foam which tended
to obscure the wave of progress that lay behind" [45],
so that Wilks and Bettany [57] record:
"on one occasion he called the committee (of the Fever Hospital)
together to sanction buying sheep, in order to wrap up dying patients
in their warm skins, as soon as they had been removed by the butcher.
Before the project came into operation he had improved his method
and forgotten about the sheepskins."
On his death a subscription was set up list to aid this large,
young and now poor family in their new, expensive house [59]. Sir
William Gull gave £ 50, Sir Samuel Wilks 25 guineas, Sir James
Paget of Bart's ten guineas, Elizabeth Garrett Anderson 10
guineas, the President of the Royal College of Physicians £ 100,
and the Treasurer of Guy's Hospital just 5 guineas. Three of his
children still survived in 1950 [51].
Did Mahomed encounter racial prejudice?
One point needs to be addressed in considering Frederick
Akbar Mahomed's life, career and character, and that is his
"oriental appearance" [57], his quarter Indian inheritance, and
obviously foreign name. In the rigidly class-conscious atmosphere
of Victorian England, an "Anglo-Indian" such as Akbar would
have been barred from many channels of advancement, even in
India itself.
It is clear that although Sake Deen encountered prejudice on
coming to England, much of this centered on his therapeutic
claims for his treatments from the English medical establishment
"It met with tremendous opposition, the public press teemed with
abuse, the medical faculty shook their heads and doubted, 99 in a
100 of the public at large believed it a cheat and a Hindoo juggle...
with animosity of many, and the friendship of none, a stranger to the
land, to the people, and the language, he commenced his career"
[73], and not so much because of his racial origin. The Mahomed
family never seemed to have suffered much from any prejudice
that there might be against Anglo-Indians as Frederick Akbar
was. However, even Wilks and Bettany commented on his "ori-
ental" appearance, and one student recalled [89]:
"his teaching and his methods seemed as foreign as his name to
the atmosphere of the place (i.e. Guy's)."
The family changed their name from Mahomed to Deane at a
time when xenophobia was rife, just before the First World War.
Janet, the youngest of Akbar's daughters, told Batty Shaw in 1951
that:
"in the 1914 war the family thought it best to change their name as
mired marriages were in much disfavour" [90].
Nevertheless, Akbar Mahomed was awarded the Fellowship of
the Royal College of Physicians precociously in recognition of his
outstanding achievements, and was appointed physician to one of
the leading teaching hospitals of the day at an early age, again on
merit. Nowhere is a breath of criticism recorded, although of
course it may have existed covertly. The charm and character of
the family may have had much to do with this. However, a search
of Volume IV of Munk 's Roll of the Fellows of the Royal College of
Physicians of London 1826—1925 revealed not a single other
physician Out of 864 so distinguished, with a name which might be
considered of Asian origin.
Mahomed's work in other areas of medicine
Mahomed was a clinical researcher with a remarkable breadth
of interest [91], which will be briefly dealt with here. He was an
experimental clinical physiologist and had a major interest in the
predisposition to disease, brilliantly illustrated by his highly
original paper on diatheses [92], a concept now re-emerging in all
the panoply of molecular biology [93]. There was much interest
and a lasting belief in a "tuberculous diathesis" that allowed an
astute physician to identify those individuals who were predis-
posed to develop tuberculosis, despite the demonstration of its
infectivity in 1868. Francis Galton, one of the founders of modern
genetics, was working on the genetic control of physical form, and
had developed a detailed method of "composite photography,"
whereby multiple photographs could be combined to give a
composite image under carefully controlled conditions. Mahomed
immediately realized the potential of this technique for the
investigation of disease. One year before Koch's discovery of the
tubercle bacillus, with the collaboration of their colleagues at
Guy's and the Brompton Hospitals, he took over 400 photographs
of tuberculous individuals. From these were prepared, with me-
ticulous care to avoid technical or statistical bias, composite
photographs (Fig. 9). Their brief proforma for the local physician
to fill in details of the patient is a model that would stand today.
These ghostly images led to the conclusion:
"Our results are therefore negative Although these conclusions
would seem to indicate that there is no foundation for the belief that
persons possessing certain physical characteristics are especially
liable to tubercular disease, yet it may hereafter be proved that some
explanation of the doctrine may be found in the course of the disease
when it attacks such persons."
The other goal of his enormous energy in the 1880s was the
Collective Investigation Record. This study attempted too much
and failed, although after Mahomed's death. It had many of the
features of modern clinical epidemiology. The proposal [94] was
to set up a means whereby individual clinical data from many
participating physicians could be shared:
the experience of any one man is not sufficient upon which to
found an answer."
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Fig. 9. Plates I (A) and III (B) from Galton and
Mahomed's work on the tubercular diathesis [92].
As a footnote to the title page, Galton added
"Though it would be difficult to disentangle our
respective shares in the inquby, I must at least
give the entire credit of the following memoir to
Dr. Mahomed." Individual photographs of
patients, given as examples, are in square
format; the composite pictures derived from 10
to 100 faces are in the ovals. Plate I depicts
non-phthisical patients (plates 1 and 3, each
formed from 50 portraits), with Figure 2 a
composite of narrower faces. Figures 7, 8 and 9
are each composites of 50 phthisical patients.
Figure 11 is a composite of 100 male non-
phthisical patients, Figure 17 a composite of
200 male phthisical patients. The others show
various subgroups. Plate III shows the
individual plates of individuals from whom the
composite in Figure 33 (top left) was derived;
plates II and IV (not shown) are similar to
Plate ITT.
The data collection, Mahomed advocated [94], should be on
proformas and include not only clinical data on the disease and
the patient, but family background and detailed anthropometric
measurements, again reflecting the diathesis theory. As befitted a
clinical scientist, he also wanted to measure respiratory capacity,
muscular strength, and (of course) sphygmographic tracings.
This proposal had been first made by his old friend and mentor,
Professor G.H. Humphry of Cambridge, who had assisted him in
obtaining his degree, was in 1880 President of the British Asso-
ciation and made the proposal in his Presidential address. Ma-
homed became secretary of the enterprise, and travelled about the
country from town to town publicizing it and recruiting doctors, in
particular including general practitioners, to submit returns. The
subjects studied included those with old age, rheumatic fever,
pneumonia and tuberculosis. Together, he and Humphry pro-
duced the first report of the Record [96] in 1883, but Mahomed
died before the second [971 could be completed. In his obituary
note on Mahomed, Humphry wrote [581:
"Mahomed was the genius and great supporter of the Collective
investigation. The suggestions chiefly came from him, and the
carlying [of] them out in the main his. The international extension of
the movement was by his wish; and he went to International
Conference in Copenhagen at much inconvenience to set it on foot,
and was very successful in the effort . . . "
The following was written only a couple of months before his
death:
"he threw himself heart and soul into the movement He knew
well that in such a work there would be many imperfections, many
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Fig. 9. Continued.
shortcomings, many failures; but his faith in an ultimate result, and
his good cheerful enthusiastic spirit carried him over all the difficul-
ties, and through an amount of labour few other men would have
undertaken."
Two other papers from his bibliography [51] are worthy of note.
In the first [98], ironically in view of his mode of death, he
described for the first time the use of blood transfusion in the
hemorrhage of typhoid. There was temporary success, but both
patients later died. The donors seem to have been members of the
ward staff, who by luck were compatible with the recipients. The
second contribution [991 is noted by his contemporary and
neighbor in St Thomas' Street, Sir Charters Symonds. In a paper
published shortly after Mahomed's death, Symonds gives Ma-
homed much credit for suggesting operation in a case of recurrent
typhlitis (appendicitis) and remarks:
"the credit of whatever value rests in the procedure must be given
to my late and lamented colleague, Dr Mahomed, at whose sugges-
tion the operation was undertaken, and who further advised the
inguinal incision.., his untimely death has lost to us much infor-
mation upon disease of the appendix, more especially with a view to
operating, which I know he was collecting."
Mahomed's legacy
Why was Mahomed so much less influential than he might have
been? Why was his work all but forgotten for a century? After all,
his data and conclusions were admirably presented to the most
important domestic medical meetings and delivered in major
journals of the day. After his death the Medical Press and Circular
remarked [100]:
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"his work on arterial tension gained for him a world-wide
reputation, as well-deserved as it was extensive."
Yet within a remarkably short time this reputation had evapo-
rated. Perhaps this is because by 1881 he had become so con-
vinced of the progression that he came to attribute all cases of
chronic Bright's disease to preceding high blood pressure, even
then an untenable viewpoint. He was said to "haunted by ever-
present phantoms which showed him renal disease in eveiything"
[60]. Also, his retention of the term "prealbuminuric Bright's
disease" was particularly unfortunate, in that it did not capture
the enormous advance in thinking that his writings of 1877 to 1879
contain. In some ways his paper of 1881 is a step backwards. The
term "prealbuminuric Bright's disease" he kept out of excessive
respect for Bright. In 1879 he wrote [44]:
"Yet it would be wrong to rob the name of Bright of half its gloiy,
and of what is justly its due and hence the old name has been
adhered to in these papers."
Also, after 1881 Mahomed became interested in other areas of
medicine, and much of his enormous energy went into establishing
the Collective Investigation. He published only one further paper
on renal disease, dealing exhaustively with albuminuria in 1884
[47]. In this paper he pointed out that proteinuria might be a sign
of both high blood pressure and of heart failure.
Few could—or did—use the sphygmograph effectively, a!-
though it is clear he was by no means alone in its use in London
during the 1870s [28, 35]. Some form of sphygmograph such as the
portable version used by the homeopath Robert Dudgeon (1820—
1904) [28], which incorporated Mahomed's screw to graduate the
pressure and also measured it in troy ounces, persisted in use until
1920 [27].
Finally, Mahomed failed to convince even his colleagues at
Guy's, Samuel Wilks, Hilton Fagge and Pye-Smith, to use the
sphygmograph [101]. Having died young, Mahomed left no school
of younger pupils who might perpetuate and develop and his fame
and ideas. Fagge died before his textbook was completed, so it was
finished by Pye-Smith and the cardiac section by Wilks. In this
work the bald statement that:
"we have as yet no means of measuring the blood pressure during
life and the sphygmograph is rather useful as a corrector or confirmer of
a diagnosis ... than a discoverer of lesions" appears. This aban-
donment of the sphygmograph, with its flawed technology in terms of
diagnosing high arterial tension [102, 103], perhaps also contributed
to the abandonment of the revolutionary ideas Mahomed obtained
by using it.
In contrast, the giant figure of (Sir) Clifford Allbutt (1836—
1925) [104], who was born more than ten years before Mahomed,
was to Cambridge what Osler was to Oxford. He remained Regius
Professor of Medicine at Cambridge for more than 40 years until
1925 and was hugely influential, but to some extent Allbutt
misunderstood what Mahomed was trying to say, although he
quoted Mahomed's papers [105—107]. In 1915 Allbutt wrote in his
influential book [105]:
"so in the early seventies of the last century Sanderson, Mahomed
and I were working together on this subjeci chiefly at the form of the
pulse; but by means of the sphygmograph we were trying also, as
Vierordt was trying, with weights or vernier screws, to get some notion
of arterial pressures. . . to our disappointment, this proved to be
impracticable," although we have not found any papers by Allbutt
on measurement of the blood pressure, and he does not quote
any. Elsewhere Allbutt writes:
(physicians) "are driven back upon the first, the readiest and still
least dispensable of pulse gauges, namely the finger."
This is exactly opposite to what Mahomed had written as a
medical student more than 40 years previously! He also misquoted
Mahomed's views, so clearly expressed in the papers of 1877 and
1879, citing only Mahomed's earliest student paper of 1872 [37]
before the concepts were fully formed [38, 41—44]. This is all the
more surprising in that we know Allbutt was actually there when
Mahomed presented the revolutionary idea of primary essential
hypertension to the Pathological Society in 1877 [42]. Al!butt
writes:
"high arterial tension... was regarded as belonging essentially to
disease of the kidneys. Such was Traube's view of it; such were
George Johnson's, Burdon Sanderson 's, Mahomed 's likewise."
Today, Allbutt rightly is given credit for placing hypertension
firmly center stage in human disease, but at the expense of
occluding Mahomed's contribution in his writings.
Developments in the study of hypertension immediately
after Mahomed
The first worker actually to measure the arterial pressure in a
systematic way, and express it in millimeters of mercury was
Samuel Siegfried Ritter von Basch (1837—1905) [48]. As early as
1881 he was using an apparatus that used external pressure [27,
32, 53], calling the condition when found in apparently healthy
individuals "latent arteriosclerosis" [47]. Five years after Ma-
homed's untimely death, Henri Huchard (1844—1910) in Paris
carefully reviewed Mahomed's findings, attributed raised arterial
pressure to arterial spasm [108], and called it "arteriosclerosis"
and Mahomed's prealbuminuric Bright's disease "presclerosis."
Only in 1896 did Allbutt coin the term "hyperpiesia" for what
we would now call hypertension [106]. Finally, Scipione Riva
Rocci (1863—1937) of Torino introduced the occlusive cuff
method of measurement [109] and made regular measurement in
the clinic easy. Essentially we use his method today, illuminated by
the observations of the Russian surgeon, Nicolai Sergeivich
Korotkov, in 1905 [27]. However, even as late as 1915 Allbutt
[107] was still expressing wide scepticism about the accuracy and
utility of these methods, and another ten years elapsed before
routine measurement of blood pressure entered clinical medicine.
As early as 1876 and with much prescience, an English physi-
cian who used the sphygmograph himself, John Handfield Jones,
wrote [110]:
"I would point to the time when the elder folks, instead of waiting
till they have a stroke of apoplexy with a touch of paralysis, or are laid
up with arteriocapillaiy fibrosis or morbus Brightii, and then hur-
riedly summon a physician to do the impossible, will seek his advice
betimes ... and ... stay the morbid changes they know to be
progressing."
This passage was quoted approvingly by Mahomed in 1879 [44].
It would be foolish to suggest that the entire history of the
recognition of hypertension occurred at Guy's. Harlos and Hei-
dland [56], for example, reviewed the largely independent Ger-
man contribution in this area in detail, and too much reverence
for Bright's work and name at Guy's probably delayed the
recognition of essential hypertension as a separate state from
chronic Bright's disease.
Finally, we must ask why did so many of the advances in ideas
about kidney disease and hypertension occur at this one London
1504 Cameron and Hicks: Hypertension at Guy's 1833—1872
teaching hospital: Guy's. Clearly, the enormous influence of
Richard Bright's insistence on careful observation and deduction,
his establishing of a what today would be called a metabolic ward
run by Owen Rees, perpetuated a tradition. Every physician who
taught Akbar Mahomed had worked for Bright. There was an
atmosphere of enquiry at Guy's throughout this period fostered
on the wards; discussion, not dogma, was the keynote. The Guy's
Physical Society was one of the major medical fora of London. In
1850 the Pupil's Physical Society was spawned, a forum run
entirely by the students where they, without their teachers,
debated the controversial issues of the day, often presenting
original data as Akbar did in 1870.
There is, however, one other influence that may have played a
role. Of Mahomed's mentors, Burdon Sanderson and Broadbent
(although not Guy's men), Rees and Pavy, all spoke French (as
did Bright and Wilks). Many studied in the Paris research
environment of Claude Bernard and his associates. Thus they
were in direct touch with another of the great schools of clinical
science of the period. Again, measurement and scepticism were
the keynotes in this symphony. Whatever the reasons, the remark-
able sequence of Bright, Wilks, Gull, Sutton, and particularly
Mahomed, and their work in the fifty years from 1833 to 1884 is
one many institutions might envy.
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